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GP-303388 

TRANSMISSION AND TORQUE 
CONVERTER COOLING CONTROL 

FIELD OF THE INVENTION 
[0001] The present invention relates to transmissions and 
torque converters, and more particularly to a cooling control for a 
5 transmission and a torque converter. 

BACKGROUND OF THE INVENTION 
[0002] A torque converter is a fluid-coupling device that 
provides smooth transition of engine power to a transmission. A stator 

10 located in the torque converter multiplies torque by altering the 
direction of oil flow between a pump and a turbine. This change in 
direction increases the inertial fluid force on the pump assembly 
thereby increasing turbine torque. Since the stator reroutes the fluid 
and is located in the center of the fluid coupling flow, it receives a high 

15 amount of thermal energy, and therefore it is considered to be the 
hottest element within the torque converter. 

[0003] Certain protections must be programmed into the 
transmission control to prevent overheating. In the event of a high- 
temperature condition, the transmission is operated in a hot mode to 

20 protect against overheating. Three traditional methods to diagnose the 
hot mode include: conventional, estimated stator and predictive sump. 
Using the conventional method, stator temperature threshold 
calibrations determine the hot mode entrance and exit criteria. The 
estimated stator method uses calibrations controlling the amount of 

25 time a transmission can maintain a certain speed ratio without 
exceeding temperature targets. The predictive sump method controls 
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hot mode entry based upon the rate of change of the sump 
temperature. 

[0004] Although these methods are effective in preventing 
the transmission from overheating, each retains certain disadvantages. 
5 The conventional method may only be used for limited applications 
because most transmission configurations exceed stator or cooler line 
temperature thresholds under minimum speed ratio testing. The 
predictive method is overly aggressive under high heat generation 
conditions, is inaccurate at low speeds and does not adequately 
10 protect the transmission under Driver Shift Control functionality. The 
predictive sump method must have a built in safety factor to account for 
the delay between the heat generation and rise in sump temperature. 
In addition, each of the above methods require a significant amount of 
time and resources for calibration. 

15 

SUMMARY OF THE INVENTION 
[0005] Accordingly, the present invention provides a control 
system that generates one of a normal mode and a hot mode signal to 
control operation of a transmission. The control system includes a 

20 calculator that calculates a predicted temperature of a torque converter 
and a comparator that compares the predicted temperature to a 
threshold temperature. A timer generates one of the normal mode and 
the hot mode signals based on the predicted temperature and the 
threshold temperature. 

25 [0006] In one feature, the hot mode signal is generated when 

the predicted temperature is greater than the threshold temperature for 
a threshold time. 

[0007] In another feature, the normal mode signal is 
generated when the predicted temperature is lower than the threshold 

30 temperature for a threshold time. 
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[0008] In another feature, a controller operates the 
transmission to reduce slipping of the torque converter based on the 
hot mode signal. 

[0009] In another feature, the calculator calculates the 
5 predicted temperature based on work loss through the torque 
converter, flow rate through the torque converter, a heat transfer 
coefficient for air and a heat transfer coefficient for oil flowing through 
the torque converter. The calculator calculates the work loss based on 
a speed ratio, an input torque into the torque converter and an output 
10 torque from the torque converter. The calculator calculates the speed 
ratio based on an engine speed signal and a transmission speed 
signal. The calculator calculates the input torque based on an engine 
speed signal and a K-factor. The K-factor is determined from a look-up 
table based on the speed ratio. 
15 [0010] In another feature, the output torque is based on the 

input torque and a torque ratio. The torque ratio is determined from a 
look-up table based on the speed ratio. 

[0011] In still another feature, the calculator determines the 
flow rate from a look-up table based on a line pressure signal and an 
20 engine speed signal. 

[0012] In yet another feature, the calculator calculates the 
heat transfer coefficient of air based on a speed ratio and a locked 
state of a torque converter clutch. 

[0013] Further areas of applicability of the present invention 
25 will become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed description and 
specific examples, while indicating the preferred embodiment of the 
invention, are intended for purposes of illustration only and are not 
intended to limit the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The present invention will become more fully 
understood from the detailed description and the accompanying 
drawings, wherein: 

5 [0015] Figure 1 is a functional block diagram of a vehicle 

having an automatic transmission that is driven by an engine through a 
torque converter; 

[0016] Figure 2 is a schematic illustration of the torque 
converter depicting an energy balance between oil within the torque 
1 0 converter and a torque converter shell; 

[0017] Figure 3 is a schematic illustration of the torque 
converter depicting an energy balance between the torque converter 
shell and the atmosphere surrounding the torque converter; 

[0018] Figures 4A and 4B illustrates an exemplary K-factor 
15 graph and an exemplary torque ratio graph, respectively, each based 
on a speed ratio; 

[0019] Figure 5 is a flowchart illustrating cooling control 
according to the present invention; and 

[0020] Figure 6 is a logic flow of the cooling control. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] The following description of the preferred 
embodiments is merely exemplary in nature and is in no way intended 
to limit the invention, its application, or uses. For purposes of clarity, 
25 the same reference numbers will be used in the drawings to identify 
similar elements. 
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[0022] Referring now to Figure 1, a vehicle 10 is 
schematically illustrated. The vehicle 10 includes an engine 12, a 
torque converter 14 and a transmission 16. The engine 12 drives the 
transmission 16 through the torque converter 14. The torque converter 
5 14 is a fluid coupling that enables the engine 12 to rotate almost 
independently of the transmission 16. When the engine 12 is turning 
slowly or idling, the amount of drive torque passed through the torque 
converter 14 to the transmission 16 is relatively small. Therefore, only 
light pressure on a brake pedal is required to keep the vehicle 10 from 

10 moving. As engine speed increases, more fluid is pumped through the 
torque converter, transferring more drive torque to the transmission 16. 

[0023] The torque converter 14 includes a torque converter 
clutch (TCC) 18 that is operable in a locked and unlocked state. In the 
unlocked state, torque converter slip occurs within the torque converter 

15 14 enabling drive torque multiplication to the transmission 16. In the 
locked state, the TCC 18 provides a direct drive coupling between the 
engine 12 and the transmission 16 and no drive torque multiplication 
occurs. 

[0024] The transmission 16 is preferably an automatic 
20 transmission that transfers the drive torque from the engine 12 to 
wheels (not shown) through various gear ratios. The transmission 16 
is hydraulically actuated to operate using a desired gear ratio. 
Hydraulic fluid pressure or line pressure actuates transmission 
components to enable shifting based on a shift logic. It is also 
25 anticipated that the transmission 16 can include driver shift control 
(DSC), whereby a driver can command gear shifts outside of the shift 
logic using a tap-up or tap-down input (not shown). 
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[0025] A controller 20 controls the overall operation of the 
vehicle 10 according to the cooling control of the present invention. An 
engine speed sensor 22 generates an engine speed signal that is 
received by the controller 20. A transmission speed sensor 24 and a 
5 transmissions line pressure sensor 26 respectively generate a 
transmission speed signal and a line pressure signal that are received 
by the controller 20. The transmission speed signal indicates the 
rotational speed of a transmission input shaft (not shown) and the line 
pressure signal indicates the hydraulic pressure at which the 

10 transmission 16 is being operated. 

[0026] The controller 20 operates the vehicle 10 in either a 
normal mode or a hot mode based on temperature criteria, as 
discussed in further detail below. In the normal mode, the controller 20 
controls transmission shifting based on the normal shift logic and 

15 allows DSC in the case of a transmission incorporating DSC. In the hot 
mode, the controller 20 modifies vehicle operation in order to cool the 
torque converter and transmission components. Vehicle operation can 
be modified in a number of manners, including, but not limited to, 
preventing downshift, operation using an alternative shift logic, 

20 reducing engine speed, preventing heavy downshifts or preventing 3 rd 
gear or 2 nd gear starts in the event of a transmission including DSC. 
Different hot mode strategies can be implemented based on the 
particular transmission 16 and torque converter 14. 

[0027] Referring now to Figures 2 and 3, the torque converter - 

25 14 is a fluid-coupling device that provides smooth transition of engine 
power to the transmission 16. The torque converter 14 includes a shell 
28 that retains a volume of oil 30 and a stator 32. The stator 32 
multiplies torque by altering the direction of oil flow between a pump 
and a turbine (not shown). This change in direction increases the 

30 inertial fluid force on the pump assembly thereby increasing turbine 
torque. Since the stator 32 reroutes the fluid flow and sits in the center 
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of the fluid coupling, it receives a high amount of thermal energy. 
Therefore, the stator 32 is considered to be the hottest element within 
the torque converter 14. 

[0028] A math based thermal model is used to determine 
5 stator temperature. To quantify the amount of thermal energy the 
stator 32 is exposed to, an energy balance on the converter control 
volume of the oil 30 is provided according to the first law of 
thermodynamics as follows: 

W in -W out +Q in ~Q out - ft™ = PonV oil c Poil Qjs- (1) 

10 where: p oil is the density of the oil; 

V oil is the volume of the oil within the torque converter; 

and 

cp oil is the specific heat of the oil. 

Assuming transient conduction and uniform temperature gradients 
15 within the torque converter 14, the rate of stator temperature change 

dT 

( — ohl ) j s equal to the change in converter power, plus the change in oil 

dt 

flow energy, minus the energy losses to shell 28 of the torque 
converter 14. 

[0029] Energy losses to the shell of the torque converter 
20 (e.g., to the steel) are calculated as: 

Q S Heii=KiiMT out -T shell ) (2) 

where: h oil is the heat transfer coefficient of the oil; and 

A is the shell surface area. 
Thermal energy changes to the oil as it flows through torque converter 
25 14 are calculated as: 

Qin ~ Qout = ™oil C Poil ( T in ~ T out ) (3) 

where: m oil is the mass flow of oil. 



8 



20 



Combining Equation 2 and Equation 3 with Equation 1 , yields: 

dT„.„ 



AW + m oil cp oil (T in - T OM ) - h oil A(T oul - T sud ) = p oil V oil cp 



'oil 



dt 



(4) 



By rearranging Equation 4, the following differential equation is 
provided: 



dT 



dt 



m 



oil 



Poi,K 



oil 



\il V oi,CPoi, J 



T = 



AW 



^oi^in 



(5) 



Poil V oi,CP oil PoilVoil\ IPouVoilCPoil. 

Terms a , P and J are provided as: 



steel 



a = 



Poil^oil P oil^ oil C P oil 



P oil^ oil C P oil Poil^oil 

8 = 



(6) 
(7) 



Pctt^CPctt 



(8) 



10 T shell is used to solve for r ott , (i.e., stator temperature) and is 

determined based on an energy balance from the torque converter 
shell 28 to the surroundings as illustrated in Figure 3. The resulting 
equation from the energy balance is provided as: 



Q shell Qsurr ~ m shell C P shell 



dT. 



shell 



dt 



(9) 



15 where: 



m sheii ' s mass of the torque converter shell; and 



c Psheii is the specific heat of the shell (dependent on shell 

material). 

Losses to the environment due to convection of heat from the shell 28 
to the atmosphere are represented as: 

Qsurr =KirMT shell -T air ) (10) 

where: h air is the heat transfer coefficient of air. 
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By substituting Equation 2 and Equation 10 into Equation 9 and 
rearranging, the following differential equation is provided: 



dT. 



shell 



dt 



m shell C P shell _ 



T = 

1 shell 



Ku A 


T oul + 


h l air -Al air 






_ m shell C P shell _ 




_ m shell C P shell _ 



(11) 



Terms y , rj and e are provided as: 



7 = 



m shell C P shell 
m shell C P shell 



e = 



(12) 
(13) 
(14) 



m shell C P shell 

[0031] From inspection of Equation 5 and Equation 11, it is 
apparent that in order to solve for T out , both first order differential 

equations must be solved for simultaneously. The reduced matrix form 
for solving the system of equations is provided as: 

(15) 

There is difficulty in solving this system of differential equations using 
direct methods. There are two separate heat fluxes occurring 
simultaneously (from the oil 30 to the shell 28 and from the shell 28 to 

dT 

the air) and both are dependent upon each other. Therefore, 

dT 



t 

1 shell 






V ~ 


T 

1 shell 


+ 


e 


t 

_ * out 




S 


-a 


T 

_ out _ 







1 shell 



dt 



and 



are solved in iterations within the model using a time step of 



dt 

one second. This eliminates the dependency on time for both 
equations and enable a less difficult approach to solving. 
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[0032] Torque converter work loss is also determined based 
on speed ratio (SR), input torque (r in ) and output torque (r out ). In 

order to calculate r in and r oul , the following assumption is made: the 

torque converter behavior can be represented from use of empirically 
derived characteristics. The characteristics include torque converter K- 
factor and torque ratio (TR), both of which are functions of SR as 
illustrated in Figures 4A and 4B. The following equations are used to 
determine SR, r in and r out , respectively: 



SR = —^ (16) 
N 

pump 



10 r.„ = 



N 

pump 



(17) 



where: N turb is the turbine speed; 

N pum P is the pump speed; and 

K in is the K-factor (N pump divided by Jr~). 

15 [0033] r in is calculated from pump speed (i.e., engine speed) 

and K-factor. r out is calculated from r in and the known torque ratio 

(TR) characteristics for the torque converter 14. By implementing 
these relationships, the power loss across the torque converter 14 is 
determined as: 

20 AW = W. -W out = NpumpTin - N <«n> T ou< (ig) 

9549 9549 V 7 

[0034] The fluid flow rate (i.e., oil mass flow rate) through the 

torque converter 14 is also determined. In order to understand the 

mass flow rate of oil through the torque converter 14, line pressure and 

engine speed are each considered. More particularly oil mass flow rate 

25 is determined from a look-up table based on line pressure and engine 
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speed. The look-up table is calibrated for the particular transmission 
type and is based on empirical data. 

[0035] Heat transfer coefficients of the air (h air ) and for the oil 

(h oil ) are based on a transmission thermal model, a detailed 

description of which is beyond the scope of the present discussion. 
The h oil is also based on the locked or unlocked state of the TCC. The 

following equations are used to determine the heat transfer 
coefficients: 

-1 0.8 

(20) 



h . =200 

air 



NE 



1500 



20 

10 Ku=— (TCC Unlocked) (21) 

SR 

h oil = 5.0 (TCC Locked) (22) 

[0036] Referring now to Figure 5, the cooling control of the 
present invention will be described in detail. In step 100, control 
determines whether the vehicle 10 is operating in hot mode. If the 
15 vehicle 10 is operating in hot mode, control continues in step 102. If 
the vehicle 10 is not operating in hot mode, control continues in step 
104. 

[0037] Control sets a timer equal to one (t = 1) in step 102. 
In step 106 control calculates T out . More particularly, control initially 

20 calculates a present T shell based on the previous T out and calculates the 
present T om based on the present T shell . In step 108, control 
determines whether the present T oui is less than a hot mode 
temperature threshold (T H m). If T oul is less than T H m, control continues 
in step 110. If T om is not less than T H m, the vehicle is to remain in hot 

25 mode and control ends. 



[0038] Control determines whether the timer has achieved a 
timer threshold for entering normal mode (t T HRESHNORM) in step 110. If 
the timer has not achieved t TH RESHNORM, control continues in step 112. 
If the timer has achieved t T HRESHNORM, control continues in step 114. In 
5 step 112, control increases the timer by one iteration and control 
continues in step 106. In step 114, T out has been less than T H m for a 
sufficient time period. Therefore, control operates the vehicle in normal 
mode and control ends. In this manner, control ensures that T out is 

above T H m for a threshold time period before switching from hot mode 
10 to normal mode. 

[0039] In step 104, control sets a timer equal to one (t = 1). 
Control calculates T out based on the model as described above in step 

116. In step 1 18, control determines whether T out is greater than T H m- 

If T out is not greater than T H m, control ends. If T out is greater than T H m, 

15 control determines whether the timer is equal to a threshold for 
entering the hot mode (tjHRESHHo-r) in step 120. If the timer is not equal 
to tjHRESHHOT, control continues in step 122. If the timer is equal to 
tTHRESHHOT, control continues in step 124. In step 122, control 
increments the timer by one iteration and continues in step 116. In 

20 step 124, control operates the vehicle in hot mode and control ends. In 
this manner, control ensures that T out is below T H m for a threshold time 

period before switching to hot mode. 

[0040] Referring now to Figure 6, a logic flow of the cooling 
control is illustrated. A calculator 600 calculates the present T shell 

25 based on the prior T out , N turb , N pump and a TCC state (TCCstate) (e.g., 

locked or unlocked). The calculator calculates the present T out based 

on the present Tshell- A comparator 602 receives the present T out and 

T H m as inputs and compares T ou{ to T H m- If T om is greater than T H m, the 
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comparator 602 sends a high signal to a timer 604. If T out is not greater 
than T H m, the comparator 602 sends a low signal to the timer 604. The 
timer 604 also includes t T HRESHHOT and t T HRESHNORM as inputs. 

[0041] The timer 604 monitors the duration of the high signal 
5 and the low signal. For example, if the high signal is continuously input 
from the comparator 602 for a time greater than t T HRESHHOT, the timer 
outputs a hot mode signal to initialize hot mode entry. If the low signal 
is continuously input from the comparator 602 for a time greater than 
tTHRESHNORM, the timer outputs a normal mode signal to initialize normal 
10 mode entry. If either signal is received for less than their respective 
threshold times, the timer outputs a signal to the calculator 600 to 
recalculate T out for the next time step. 

[0042] Those skilled in the art can now appreciate from the 
foregoing description that the broad teachings of the present invention 

15 can be implemented in a variety of forms. Therefore, while this 
invention has been described in connection with particular examples 
thereof, the true scope of the invention should not be so limited since 
other modifications will become apparent to the skilled practitioner 
upon a study of the drawings, the specification and the following 

20 claims. 



